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ABSTRACT 'I’hn ml ]jj,r.nn''tci> fm 1,lu' covo m'tdol Imvu hofin ohiainotl for
Icryjjinii (iiid voiuin l»y iisiiifr simtilLuifOdsly Ok' \ isrnsil v' oiid lJn‘ Mr ojid vii ml r-ofllicu'iit d iilii. 
Tlio  ytoloniml oik ‘i‘; v^ m u 'vo  ^ 11ms ohtninod m t' (|u iU ’ tduM' (u llic  (iI.i Im h h I i ' s l^-]l!nnimdm ol 
( Jiiixt'didmnn uiul M id liis lm n  ddit' s i li'iluH  oi v I'.f'i (M‘iu ('h 1 ltd  \^  (m'i i llic  ul dtil n.
jwul I'ho ('.il(‘ul(i1'Ofl ^.llll(H luid III'* f ()m[t.ndlJ\'olv siui))l(‘ f 'tiin  of llio  cm ii po lrril ml i'ni,sn llio  
ptjHsiltililiV of il m  lli( ' pliu (' <tl i i i j in  (,(jinmonl''| iimcmI Ia ' i iu u id-.lnnon (12 (i) nod oxjt-O
pnionl.mls
Tl)(‘ InniliitioMS of Iho t‘oiu]),u':iliY(‘ly wim])lo ini(>rmolpi ulLir jiotoiilials like' 
Loimiird-.lOIK'S (12 (J) ;itk1 tJu' models aro lunv well ro(!Ofi;nisod (Kiliara
l!15Ik 1055: (jlu^"(‘iihoim and Me()llasliaii lO(iO) However, more elaborafe ami 
compliealt'd poiimtials (e ^ si\-]»n.Taim*teT p(»ieiitial oj‘ (jlii^L(('ulieim amiMefilasliaii) 
are iml eomomieiil- parlieularly loi‘ llu* ealeidalKm of eollisioii inlegrads foi re]m;- 
Honling traiis])ort prfjporLies of gas(^s. (^tiisequently it js mujessary to obtain 
an intermoloeular ])otei)tml model wliieli is eomjiar.itivoly smiple in form and af. 
tlie same i.iim; lepresent the potential adequately fveeent ealeulation by Barker 
(10()4.) for argon on the eore inorlel of Kibaia is faiily snecesslul in these regards. 
Tb(i eore jiotoiitial witJi a spheneal core of diaimder 2o may b(' rcjnescnled as,
(la)
0(?“) - -  00 2(1 (lb)
Avheri' (T IS the value of r for ivliieli (j){r) -  0 and ( is t In' dejith of tlie potential wi'll. 
'fhe addition of fln^  term a makes tin* eore jiotential more flexible than the Lemiaid- 
,)ones (12 b) ]io(ential and at tin* saim* time tlie nnitheniafieal .siinpliiity is re 
tamed Kihara (l()5.‘l) olitaiiied the second viiial eoeflieieiit -f^T) on tho core 
model and very recently B.iiker (llMil) lias ohtaim'l tin* collision integrals on tliLS 
model liv I’omhining V>(7’) and the viscosity data Baiker (1961) has obtained tho 
for(■l^  eonstants foi argon on the eore model and the potential energy curve thus 
obtained is quite c-lose to the elaborate six-parami*ter potential of Guggonhoim 
and MeGlashan (1960). Tiie eonstants thus obtained ean explain all the gaseous 
properties of argon satisfai torily Tlie sueeess ai hieviMl foi argon with tho eore 
model raises the jiossibility of replacing the Lennard-Jonos (12 : 6) potential by
12
the core potmtinl Consequently, we hove tliouglil ii worUiwhili' to obtain tlie 
interniol(M’iilai‘ potentials uJ'Ki' and X(' on the (oii‘ model and le.st its suitability 
Recently, vSlieruood and Pransnit/ (J!K)4) have obtained llie Ituve eonslanls lor 
the inert ^ases on tin* core model. TTm\e\ei a,s .'■bon n b\ -Kellc'i and Zumiiio 
(Ibf)!)) B(T) data alom* cannot deti'niime the foree |)aiaiueters uuupiely In 
tIlls pap(*r \\(* have ealenlated llie loiie j>aiajiieler.s Ibi’ kj'ypton and \eiion b\Miti- 
lisjii^bolJ) s(*cond virial eoidtieient and viseosit \ data 4’Jie c ojislant s tims oldaimul 
have l)e(*Ti ehecla*d liy eahnlatin^ variuus oilier 'lUdpertIe^
A I .  ( ' V L  V ']' I () N \  \ ’ I)  I! K N t* 1. T  S
Foi the doteriumation o f the tbrei* |)arain(4ei,s Wf shall n.se siimdlaneoiisl\ 
the second virial coefficient and the vi.'-cosit,\ data 'The \isrositv // nu\\ la* n'- 
jiri-scnti'd as (Tin.sc hi elder (hirtiss ami IbivH
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Avlieri* T/ IS tlumiioleiMilai w I'l^ h t a iu l  ^ nd i 'e ia l  as ( ah iilated
b y  lia rke i (U)(i4) ddie second virial coellfn lent  1i{T) nm y  be writ ti  n as.
whole
7 (^7’) -  T ^ )
. 27rAV^  * 2u KT
H cr -2(( f
( 3 )
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and T*) ■ a*F.(T*)-] (I 2i-'« . • Fj{T*)
- 12E J M  V )
From Eijs (2) and (.‘1)
{ j h) -  H, rj.7  ^ H- 0--h log
(ro
(6)
(7)
uTiero e 2fi6.93 X '  7rA\/il/ X 10-
apd log T  =  log T * +  log (8)
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a ( value- ol'e/* il i,s jiossihlc to dvtoi'mmc rr and fjK  from Eqa (7) 
arifl (S) hy tljc tiiajjliiial iiiolliod (IVIast)n and Rue- 11)54) '^ I’ho stit (jf valiu^ N of 
o* i.jh rr wliicli re'iuvsculod tin- (‘X])n mu-ntal data be-sl. woi’c- takem as tho c-orroc-t 
iorc(! I )a ram ('tens tosults thus ohtained arc shown in Tablo 1 Tho poten­
tial energy < iirvu-s lf>r lvrv|iton anri xenon as obtaim-rl on tiu- core model ai(‘ shown 
toficther witli t.hosr lor tin- JiCnnard-Joru-s (12 <i) and the six-jiaranieter potentials 
av('. shown In Ri s^ 1 and 2
il () M r A K I S O iN tv I 'r II K X V K b  1 M 1C N T
(a) Kr//jj/o/t
TJie average- (b'vuition bidueen the exjMu-jmontal and the (‘-alcnlated values ot 
the thermal eondnelieity (Ivatinubiik and (larman, l!)52 teni(Jerature ran;^ e 195 ' 
to 579' K) and viseosit>^  ((llifton 1993 temjuu'ature ran^e 1100' to 1)90' Iv) is 0 S% 
a,nd r(-S|)eclively. LT]ito 47;r'K the a^ reiMiient with the (-xpernin-ntal seeoml 
virial eoeflieient <lata. is wiiliiti 2% The, agreement beeomos worse, at highe.j- 
tompeiainres This ])iobablv means that th(‘ offeetive i,or(' diauietm is (-banned 
at higher teiupi'iainn-s. Foi' all t hese ])i‘r)j)erti(-s the agreement with the (‘xpen- 
mental values is la-ttei- than that olitained by nshi  ^ the eonstants obtained by 
iSluTwi.od a,ml Rransnitz (1904) iroiii the second virial eoelliennt data only.
(b) Xnwn
For xenon t he averant* deviation be'twerm the I'xpernnontal and tin* caleu- 
latcd values of thermal eondnetivity (Kanniilink and Oaiinan, 1952) and viseosity 
(Trantz Max and Jtola-rg flfdieiline, 19.94) is within 4%  and 2% resjier-tively Jn 
both tlie cases tlie ealenlated values art* lonau than the experimental values wliieli 
may he ])aitly due to the fact, that xenon alvnys eontains a e(‘rtaiu percentage of 
krypton as iuipiiiity. For seeoml virial eoefYiciont the agieenu'ut between oxpei- 
niental and tin* ealenlated values is excellent (aveia^e dcwiation 2%) ovit the 
tenijuM'atam' lau^ n- 290 -579' K It is intei(-stinfr to not(‘ that the a^ieeinent with 
th(‘ ex])<‘7 imental Z^ (7') data is bettm (haii those obtained bx”^ using Slierwooil and 
Rrau/nitz (1904) who used Ii{T) data, foi eahidatnig tlie ibrec' pnianieters.
(e) Third Virial (Uicffirirat
It has been ]>ointed out by flraben and Rnssent (1902) t hat three-body inter­
actions eannot be m'gli'eted in the ealeulatiou of the third \irial eoc>fltie]ent The 
three body interact ion elfia-t has been ('aleulatial a]>proximat(‘lv by Nherv oml and 
Frausnitz (1904) for llu* eorr' potential The third virial eoefYiciont f* may lie 
expri'ssinl as llu‘, sum of tlu‘ contributions of pan-wise interactions and the non- 
additive interactions i e.
r= ^  r7«-|-Ar' . (9)
Avhore, C" ^  — “o ~ J f J ,/l */l,1./z.l^ l-/l3’'23^ 1^2^ '^l.l'^ ’'2:i- (10)
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Fi)V ohfainuit; A T  /viJjara (lih~)S) luis (‘\])cikU‘(1 ' m tt‘ims nl I lu^  [xtliii i-
/riltiliU jc ulncli jiiav l*o \\ nUon a^
A ( ' - .X / dAr V\ dot / a . . ( i : i )
f'i)nx(M(iLonlJy f' m 1Im‘. |■o(lll(^ (l (oiiii is givtai b\.
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h(> \ (la* } iU )
( f)A^  \d y *  / * *^ *^ '^ * talmJaioil l»y |S])01‘\^ oorl and
I'luosnit/ (MXid) lor ihi* coro [lotontial. 'J’lit' results tditaiiiod l)\^  us lor the tim'd 
 ^ null ( ooffioiont hv usin^ tlio oaltiilalotL i nnstaiits aio. s1u>\mi m TaMo II
'J’AJ^LE 1
Foroo (lonstants tdi’ kry])t(m and xoiion
I’oUMitml lurm
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TABLE TI
Third Adiial eoeffica nt
T‘^k Ki'vjii i*n Xonori
1 lalciiJiit 0(1 
(<■ 1 /m o lo ) “
E xpon m o iila l (liilcalato il £ \] io ii i i it )a l  
(cc/jur,lo)-’ (t;(;/molo)2 (cc/niolo):
(a) (b)
JfiJfj 2(>l 1 7 ‘M l 0077
:t2;i 23 S3 22li2 710!) 5314
:mk 2isn 20711 (.300 4041
:i7.'i 2033 MM 5 5721 4 1 2 0
:t!»s lOUS 1K45 5233 3744
ISM 17..') 4777 3474
44 H 1721 1071 (444 3244
473 i (i5t> 15S4 4 1 7 0 3035
PIS 1 (iO 1 1 (142 3*107 2H73
aL'3 J553 1 57SI 3710 20SK
o l s 1513 1503 35 10 2 5 2 8
573 1 t7(l 1012 337 S 2 4 2 0
[ft) P(M 1 1 lO. i1 A lliic rlo y . .1 i*-! to at Mm r iiu il l , B . .1 , 1052 .
(f>) M<vuUi«, .1 A. Harnaiill, II J .  lirioiloy, J S ,
I) I S C U S S 1 () A’ () b' U K S U L  'r S
From i and '2 it may la' soon Uial tin; ooro poWnlial as donvivl from
I Ik - ii:asi-oiis |)ro]K-i I irs is closi- fo tlio olahomtc six-paramotca poti-ntial oi (TU^ i^ on- 
lioiin and lVli(Jlasluni (l‘.Min) As also olisx-rvod Uy Baikov (10(14) for argon tin- 
pot.oiitial (‘iKMgy I'urvi' as obtaim-d on 1 ho roro potential is cpiite difforont from that 
on tU(' J.i'im.ird-Jones (1:1 (i) poliMitial 'Pin- eoneejit of inirodiieing a haul eoro
most probably mak(-s tin* ])ot.ential fmu-tion more tlexiblo and lealislie than the 
nior-e e(;mmonU nstal lamnard-Jones (12 . (i) and ex]i-ti potentials. However,
siiu-e the ellectivi- diameter <tl tlu- haid eore slionld depend on tlu- energy oP 
the (Millidmg moleenh-s i v on 1 i“m|)erat m e. the same set ol paramet ci s cannot pro­
bably ie])resent })ot('ntial energy (-urve ovei a wide range of teiuperaturos
The (alenlaiions perlbiim'd for kr\"])ton and xc'iion together Avith results ob- 
Iaim'd by Barker (lO(il) toi aigon show that the eoiv )iotential ean represent the 
A-arions imuroseoim- ^aopertu's satisfactorily In yioAv of the comparatively 
simpli' form ot' the i oia' poti'iitial. it may be possdde to use it in plac’e of usual 
Lennard-ilones (12 (i) juitential which is too much restricted as pointed out hv
(biggi'iiheiin and IMedlashan (IIUW)).
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Fig. 2. Potential energy curves for xenon on dilToreni models.
Table Tf it may be seen that by (;oiiHi(U^ rin^  non-arlditivo intemctionn 
It JH ]K)Ssible to j('pi'(\siMit va'iy sutisiaetojil '^ tin*, tbinl viiial coefbeient data of 
krypton The disayreeimait betvverji the (‘xj)eiimeiilal and the ealenlated values 
ol C for xenon is quite huge. Ojie reason toi this disagieeinent may hi; due to 
jireseiiee of krypton as an inqmrity in .xenon Another faetoj wliieb is prohahl.> 
more important is that in ( aleulating the non adrlitive part of the, rejiulsive 
pari oC the potiailial has not l>een consideriMl (Sherwood anil PrauHiiitz, I9tl4)
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